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(57) [ mfa ] (57)[ABSTRACT of the Disclosure] 



I] [SUBJECT of the Invention] 

V D^y K^^5tR5fe^/h The loss which depends on a microbend 

£ < ao#$^3li»cD3g££<fi; provides the dispersion-shift optical fiber which 

WrfrtiZ. bfcX~% h can reduce the production of a nonlinear 

%7r 4 SrffiH&t" 5 o phenomenon small. 

[fi¥fc#SJ [PROBLEM to be solved] 

Sj#t 3 s n 1 ^EfJ^-^jgjcQj^igi^ The ring-shape range of a refractive index n2 is 
#r# 3 n2 ^"^tnil^ established in the perimeter of the center range 

lit-WjSlHt-Jffitff^ of a refractive index n1, furthermore, the clad 

n 3 (D? 7 y YW$.'h*WLft hti range of a refractive index n3 is established in 

ti/^o 1 . 55u mtdjo the perimeter. 

4>i!fciL/4 5 2 . 5p s/n In the wavelength of 1.55 micrometer, 

ra/kmt*^!), 'Affc^ d — 7° dispersion value is 2.5 ps(es)/nm/km. 

75»0. 0 8 5 ps/nm 2 /k Dispersion slopes are 0.085ps/nm 2 / km. 

mX'h'O, M'/WrMtMAeti The effective cross section Aeff is 80 
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I -CJfcllSixS*- K7^-/u 
K¥«woi#5. 5 ju mffc^ 
k 0 i = Aeff/(7t • w 0 i 2 ) 

k 0 i ©IliO. 8 4T'fc<5 0 if 

fc££©£*i#J!jniiO. 1 d B 

s<£W9tttftlW.'&2 8 Omm 

9k#tia\tO. 2dB/kmt*jb 

So 
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micrometer 2 . 

Mode field radius w 0 i defined by Petermann-I is 
5.5 micrometer. 

The value of parameter koi obtained by being 

based on the formula which becomes 

koi=Aeff/((pi)W) is 0.84. 

The increases in loss when winding around the 

reel of diameter 20 mm are 0.1 dB/m. 

The increase in loss when winding around the 

reel of diameter 280 mm which attached the 

sand paper to the surface is 0.2 dB/km. 



7. 5 /in 



i.a 



0.4% 



[CLAIMS] 



[M**I 1 ] [CLAIM 1] 

1 5 5 0 nml:io^t, A dispersion-shift optical fiber wherein, in 

S^MwSfeitfiS^ 5 p s / n m wavelength 1550 nm, the absolute value of a 

/kmyTt'fo^ Petermann- wavelength dispersion is less than 5ps/nm/km, 

I "trSi:ll£ ti%> V7 -r — and based on mode field radius w 0 i and 

K f£ w 01 tM $)) W\ 65 II A eff effective cross section Aeff defined by 

t Sw^i^Ji A T Petermann-I, the value of parameter k 0 i defined 

k 0 i-AeffX(7T • w 0 i 2 ) by the formula which becomes 
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koi=Aeff/((pi)*woi 2 )) is 0.8 or more. 



[ft #11 2 1 [CLAIM 2] 

Buf2^$)$rEfj|Aeff t5 s 7 0 u The dispersion-shift optical fiber of Claim 1 

m 2 J^±"C&><5 ^ <h &$fWLt~f wherein said effective cross section Aeff is 70 

SIh^JI 1 t^WL<Vft1&i/7 h ?t micrometer 2 or more. 



18*#£ 3 ] [CLAIM 3] 

witZ$.M:ft&<Dii&tti$.frO. 5 The dispersion-shift optical fiber of Claim 1 

p s / n m/ k mU-tX*fo 5 wherein the absolute value of said wavelength 

t £#f$! 1 1~<5 WfjRiI 1 fEi&GD dispersion is more than 0.5ps/nm/km. 



ft 



[DETAILED DESCRIPTION 
INVENTION] 



of 



the 



[0 0 0 1 ] 



[0001] 



[TECHNICAL FIELD of the Invention] 

This invention relates to the dispersion-shift 
optical fiber used for a WDM transmission etc. 



[0 0 0 2] 



[0002] 



imz<D&ffi] [PRIOR ART] 

Oy&yy Vit7 t 4 ^lis A dispersion-shift optical fiber is an optical fiber 

1 . 5 5 u mwict' p ^>||}[&B: which has a zero dispersion wavelength on 

?r1lt53t77 "f ^"Q'fo 9 y j& wavelength the band of 1.55 micrometer. 
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ft 1 . 5 5 v m$r<Di£r$.M:im% The multiple-wavelength signal light of a 

% £r % fcilH" 6WD M{5i£^ (c wavelength the band of 1 .55 micrometer is used 

#ii(-ffl^*bix6o ftWii/y h suitable for the light-transmitting WDM 

^t±. ^&^:ff -^)t$r transmission to carry out. 

<5i!H"5 t> 5 ^ A dispersion-shift optical fiber suppresses the 

A#^3t^W7t^r > Bi^i"5^}c production of nonlinear phenomena, such as 

£C5 § BfifiJffijPlk fBSfifB self- phase modulation produced from it being 

&M&£XfWyt7lfcMikf£t*(DW what transmits a multiple-wavelength signal 

Wl^t^WILT, if light when transmitting the light of big strength, 

^r%<D^fy&l&$L~t : &Z- bti^ a mutual phase modulation, and four-wave 

^R^tiT^So iWctp^^^ mixing, it is required that the distortion of a 

^fitfc-T^ < , ^mW- 8-24 signal light should be reduced. 

8 2 5 1 t^SHEft©Sffi For the technique of 

f±, 7t7 7^^^H^®rffi^/i 5 Unexamined-Japanese-Patent No. 8-248251, 

7 0 fim 2 U-t kte&Xo &JSJ the effective cross section of an optical fiber is 

tyj^zfu 7 T 4 /isftZ) Cl t 70 micrometer 2 in order to fill such request. 

«fc *9 ^ ^(O^tyr^ ^tdfcltS Suppression of a production of the nonlinear 

#^ff^l^^£^WJ£[*]o phenomenon in the optical fiber is aimed at by 

Ti^o considering as a refractive-index profile which 

becomes the above. 

[0 0 0 3] [0003] 



I- 33 ft 5 # « ^ £ 

i: l^^o ) f±3t 7 7 ^ n r <f> 



[PROBLEM to be solved by the Invention] 

The distribution of light intensity or the 
electromagnetic-field distribution (below, it is 
only called "a distribution".) perpendicular to the 
axis of lens of an optical fiber in a prior art 
example given in the above-mentioned gazette 
which can be set cross-sectional 
This serves as the maximum at the core center 
of an optical fiber. 

In order to enlarge an effective cross section, 
with such a distribution maintained, it is 
necessary to extend the field of a distribution. 
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<DftMl^{$L<D-\z / y h&W! In the above-mentioned prior art example, the 

3 r b\z£ 9 £^ £J£ff field of a distribution is extended by preparing 
Ti N 5 0 another segment in the outer side of a center 

segment. 

[0 0 0 4] [0004] 

U S LW 5 ^ ^$J$fffl^£r& However, if the field of a distribution is extended 

^i"Sfcfe(c^^|i©S^S:l!t{f in order to enlarge an effective cross section, 

5 is IpJBffc*— K 7^-/1^ K the diameter of a mode field will also be 

^t>$£;*c£ii<5o fLX, ^ — enlarged simultaneously. 

Yy 4 ^-/^ KH;d s ^# < & 5 <t And if the diameter of a mode field becomes 

9 t2^<> KfcfifcS&jfefiJt bigger, it is known that the loss which depends 

~k1~Z>^ bfc$$btiX\s^Z>o i" on a microbend will increase. 

^^KBfl£fc;*:i~<5 That is, enlargement of an effective cross 

b , 9 p^<y KUififcStl^ section increases the loss which depends on a 

f±tt*1-5o Lfc^oT, microbend. 

Therefore, the optical fiber which enlarged the 

^3^rffiH^r^# < LtcJty 7 effective cross section in order to suppress the 

s^lts jft^r~^/^M^^m^io production of a nonlinear phenomenon has the 

^^XftjjffiMz. b1Sk$z& trouble that loss increases, when external force 

±t!A0i~3 b is applied in the time of optical-fiber-cable 

manufacture etc. 

[0 0 0 5] [0005] 

>tefi^fi* ±f5Fn^fij&£#??N1" This invention was made in order to cancel the 

&%b!<zfj:£titii>(DXfoV), ^ above-mentioned trouble. 

4 9 w<y Ktcfife^M^^^J^ The loss which depends on a microbend aims 
< iLo#j&ff^&ro^££{8:j* at providing the dispersion-shift optical fiber 
ir 2> Z bt)*X*% Z>5yWti/y bit which can reduce the production of a nonlinear 
y 7 4 ^SrHftti'S ZbfrBtih phenomenon small. 

b-f& 0 

[0 0 0 6] [0006] 



[mm^Wik-t^lzM^m [MEANS to solve the Problem] 
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^r, \m 5 P 

s/nm/kmKlTt'J)^ 
Petermann- I "C^H $ ti 5 * 

HrffigtAeff tteg^T 
k 0 i = Aeff/(7t • w 0 i 2 ) 

k 01 <Di$.tf 0 . 8 J^±-Cfe -5 ^ 
<b^!|#m<b-r-5„ ^O^fc^y 

7 ^ - /u K *I £ /h $ V Mil fcifc o 
* * 0&&»rig« & -5 r 
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The dispersion-shift optical fiber based on this 
invention is set to wavelength 1550 nm, the 
absolute value of a wavelength dispersion is 
less than 5ps/nm/km. 

Be based on mode field radius w 0 i and the 
effective cross section Aeff which are defined by 
Petermann-I. 
Koi=Aeff/((pi)*Woi 2 

The value of parameter koi defined by the 
becoming formula is 0.8 or more. 
It is characterized by the above-mentioned. 
According to this dispersion-shift optical fiber, 
an effective cross section can be enlarged 
maintaining the diameter of a mode field at a 
small value, the loss which depends on a 
microbend is small and the production of a 
nonlinear phenomenon is reduced. 



[0 0 0 7] [0007] 

iztz* fc$&VMlz$iZ)ftfflti/'7 h Moreover, at the dispersion-shift optical fiber 

yt7r4 MvJiWrWMA based on this invention, the effective cross 

eff ft 7 o ii m 2 JJl±tfc5I section Aeff is 70 micrometer 2 or more. 

t £r*RMS£i-5 0 :<Z)I^i:(l It is characterized by the above-mentioned. 

^BM^Mk<D^%mmirZ>(D In this case, it is suitable to suppress the 

(-£?ifi~Cfc<5 0 production of a nonlinear phenomenon. 



[0 0 0 8] 

£Ni/^ 0 . 5 p s / n m/ k m 



[0008] 

Moreover, in the dispersion-shift optical fiber 
based on this invention, the absolute value of a 
wavelength dispersion is more than 
0.5ps/nm/km. 

It is characterized by the above-mentioned. 
In this case, it is suitable to suppress the 
production of the four-wave mixing which is one 
of the nonlinear phenomena. 
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Wn<D%mmm\ [EMBODIMENT of the Invention] 

W~F, ^! T tHffi^:#fiS LT#3I Hereafter, with reference to an accompanying 

$R<D%M<DT&Wi%UMz-WJ\~t drawing, Embodiment of this invention is 

5 0 M^t^f^^Tp] demonstrated in detail. 

— <D^^\z{i^ — (DW^r^:H In addition, in explanation of drawing, the same 
U £IIt~51&i^£^B&i~5 0 code is attached to the same component, the 

overlapping explanation is omitted. 

[0 0 10] [0010] 

lf : &Wz.%Z> / 7$fk^7 Vit7r The dispersion-shift optical fiber based on this 

-Y^(±> SIl 5 5 0 nmtcio invention is set to wavelength 1550 nm, the 

i^T, fafkft$L<Dli&tt$[it* 5 p absolute value of wavelength dispersion is 

s / nm/kmEtTt^t), less than 5ps/nm/km. 

Petermann- I "C^H $ ti% ^ Based on mode field radius w 0 i and the 

— K 7 — K¥^I woi t %9h effective cross section Aeff which are defined by 
BfEHAeff t [cg-3VT Petermann-I, [EQUATION 1] 

CfU) 

koi = Aeff/{7T-woi 2 ) ■»(!) 
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t£&JZX*1iE^&tiZ)S<7 The value of parameter k 0 i defined by the 

k 0 i <D\j$[& 0 . 8 £k±Xfo& 0 becoming formula is 0.8 or more. 

&ib\ Petermann- 1 "C^|§£;fi In addition, mode field radius w 0 i defined by 

<5 * — F'7^-/b K f$ w 01 Petermann-I is based on the distance (rho) from 

!±s ±7 7*1 ^(Djt^&frbOWL the axis of lens of an optical fiber, and the 

Pi p is J: UM^'AlM E(p)i:l electrical-field distribution E (rho), [EQUATION 

<>VT, 2) 

[»2] 



6/30/2003 



9/23 



(C) DERWENT 



JP11-167038-A THOMSON 



DERWENT 



w.,»=2— °— -(2) 

S~ E'(p)-p-dp 

0 



&5^T*aE: j|£ti>5 0 It defines as the becoming formula. 

[0011] [0011] 

C<D J: o t£$t$,b LtzZt iz. J: By having considered as such composition, an 

^ F3t77-f^ effective cross section can be enlarged 

K7 >r — /!✓ K£££vh£ maintaining the diameter of a mode field of this 

ffi£ftofc*$^$tftffi||2r!0; dispersion-shift optical fiber at a small value, the 

izi'ZZ b&T:%* *v(#v< loss which depends on a microbend is small 

y K£fe5#i5<cW:>h£ < , #H and the production of a nonlinear phenomenon 

M$im<D%±Mm£tiZ>o £ is reduced. 

ti, ^$J®rE$jiAeff ^7 On Moreover, the effective cross section Aeff is 70 

m 2 W±^fc5SH=Hc:fi, micrometer 2 . It is suitable to suppress the 

M^1&(D%^&ffiM'tZ><D{z$$ production of a nonlinear phenomenon when it 

Jg-Cfc5o &ft#1ft©*fe is above. 

£JilL7^ 0 . 5ps/n m/ k m Moreover, it is suitable to suppress the 

^±Trfe5J§^Hfi, production of the four-wave mixing which is one 

M(D l o^fc5MM^<D^g of the nonlinear phenomena when the absolute 

££#]rf?J^5^{-$?jg^&S 0 value of a wavelength dispersion is more than 

WTf-3o©^fe#Jtco^Tifc 0.5ps/nm/km. 

K"t"5 0 Three Examples are demonstrated below. 

[0 0 12] [0012] 

5teT, f! 1 ©^JS#]fc:o^Tgft First, 1st Example is demonstrated. 

Wt5o til 1 (i, ^ 1 (D'MmH FIG. 1 is the refractive-index profile figure of the 

lz&5ftj$ki/7 hyt??^ /<<o dispersion-shift optical fiber based on 1st 

jg#r^7°n 7r4 ^m^foZo Example. 

[0 0 13] [0013] 

^(Dfrx&i/y b±~7r As for this dispersion-shift optical fiber, the 

ffiVr^nl (O^&ffiWKDfflmiz ring-shape range of a refractive index n2 is 
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m$r& n 2 <D V yytf;ffil$.tfm established in the perimeter of the center range 
libit. MI«:-?:<7)J!Bjl;:Ss#r^ of a refractive index n1, furthermore, the clad 
n3 (Dfyy Kffittcitfggf? bti range of a refractive index n3 is established in 
ti^. I f*:«tt©^Sf±4. the perimeter. 

9 m mffc!), y yyVt&igtiD The outer diameter of a center range is 4.9 
*Mili7. ?7 micrometer. 

y K^^c<D^f^fi l 2 5 (/ mt* The outer diameter of a ring-shape range is 7.5 
£>5 0 #fB0f^0>;k/Mil&f± % micrometer. 
C8fr3] The outer diameter of a clad range is 125 

micrometer. 

The size relationship of each refractive index, 
[EQUATION 3] 

nl<n3<n2 -(3) 



-Qh <9 , i fc, ^77 K®#© They are these. 

JS#f^n3 ^rS^iir LT\ Moreover, the relative refraction-index 

fgycOJtSifl^HW:- 0 . 4% difference of a center range is -0.4 % on the 

"Cfc 9 , y ^ ^SiSfl) JfcJBtfr basis of the refractive index n3 of a clad range. 

2%"Cfo<5„ The relative refraction-index difference of a 
ring-shape range is +1.2 %. 

[0014] [0014] 

Z.<Dftfti'y h*77^/<dft Many properties in the wavelength of 1.55 

ft 1 . 5 5 u mdfclt #t4 micrometer of this dispersion-shift optical fiber 

li^TOttJO-CfeSc are as follows. 

fi 2 . 5 p s / n m/ k mX'fo A dispersion value is 2.5 ps(es)/nm/km. 

9 . M^D-yiiO. 085 Dispersion slopes are 0.085ps/nm 2 / km. 

p s/ nm 2 / kmt'fcO, "M The effective cross section Aeff is 80 

$j|&rilifl Aeff !18 0 ^ m 2 "C micrometer 2 . 

&> 9 , Petermann- I "CaeH $ fri Mode field radius w 0 i defined by Petermann-I 

<5 t — K 7 — yu K^f£ w 0 i It was 5.5 micrometer. 

5. 5 i.i mt'feof;, ^Lt, And the above The value of parameter k 0 i 

tfSH (1)st!i^^5l^Tt#ib^5 obtained by being based on (1) Formula was 
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'*7* — 9 k 0 i (OUitO. 8 4 0.84. 

T*&ofco i©^l , >7 In addition, it sets to the conventional optical 

h % 7 7 -f ir'lBj^^^tScltjo fiber which has a dispersion value equivalent to 

cktf^illrraSr^rl-S^tf) this dispersion-shift optical fiber, and an 

)t 7 7 'f ^ l: l> t , effective cross section, the type value of mode 

Petermann- I T*^^ £ ti5 field radius w 0 i defined by Petermann-I am 6.5 

- K 7 << —iv w 0 i <D&m micrometer. 

fifi(i 6. 5 umX*fo*) y / The value of parameter koi is 0.60. 
-*k 0 i©ttfiO. 6 OffcSo 

10 0 15] [0015] 

■r? w<y KC:$31S3cigAD£: In order to evaluate the increase in loss which 

l¥fifi-f ji;^ 2 0 mm<D depends on a macro bend, the dispersion-shift 

V — h^t7 7^y< optical fiber was wound around the reel of 

u m diameter 20 mm, and the loss in the wavelength 

fciJJtStt^cSrWffi Lfc 0 ^r© of 1.55 micrometer was evaluated. 



-<0^ty7 h)t77^ Consequently, the increases in loss of the 

^(DUk^ki^Mli 0 . Id B/m conventional optical fiber were 2.0 dB/m to the 

^foofctDC^LT, increases in loss of this dispersion-shift optical 

7 t 4 /«DWt£:i%Mi 2. 0 d fiber having been 0.1 dB/m. 

B/mTr&ofco ftfr*), That is, it was checked that the increase in loss 

MM&U^^^Wci^y V*}f7 r in which the dispersion-shift optical fiber based 

-Y^fi, w<zs KfuftSfii on this Example depends on a macro bend is 

&mMm$.£faX\s^-tfc reduced. 

[0 0 16] [0016] 

^ Kf-ftx&fil Moreover, in order to evaluate the increase in 

&J^jn£r§¥fffi-f SfStvl loss which depends on a microbend, a 

K^-^^Hx^M-it/cil^ dispersion-shift optical fiber is wound around 

2 8 0 m mtD y — /Mc^>ftS:i/7 the reel of diameter 280 mm which attached the 

hft? r 4 s<$r%£$HrtX , # sand paper to the surface, each evaluated the 

%tttf<Dw\&£Xf1fc%ti'£tiX* loss in the wavelength of 1.55 micrometer 

i&fi 1 . 5 5 v mfc&tf 5£r2c before winding and the back. 

£H-T-fiIIiL/c 0 -£<7)£i& % Consequently, the increase in loss of the 

Ws7 V&7 7 4 ^(DW)<^M conventional optical fiber was 11.2 dB/km to the 
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(iO. 2dB/kmT*fcofc(7) increase in loss of this dispersion-shift optical 

icttLT, Vk3k<0%7 t 4 '*<b fiber having been 0.2 dB/km. 

ffl5fe*SAPfi 11. 2dB/km That is, it was checked that the increase in loss 

~Qfoitc Q "ttefrh, ^fi%M$\ in which the dispersion-shift optical fiber based 

t£<^5#tfcv'7 V%7 7 4 on this Example depends on a microbend is 

(4, 9 p^<> KM$£S5fc also reduced sharply. 

[0017] [0017] 

/ %2(D%M$\\^\<^XWL Next, 2nd Example is demonstrated. 

W-fZ>o H2{4, %2<D£fam FIG. 2 is the refractive-index profile figure of the 

I^5^>7h5t7 7^^0 dispersion-shift optical fiber based on 2nd 

JsStFf^^ p7t^ /Ma 5 0 Example. 

[0018] [0018] 

Z<DftWti/7 hyt7T4 As for this dispersion-shift optical fiber, the 

®0r^ n 1 (D^^^(DmM\^ ring-shape range of a refractive index n2, the di 

WMf^ £B#r^n2 y l/PtytM presto clad range of a refractive index n3, and 

^ iH}#T^n3 (DfV/i/^ h the clad range of a refractive index n4 are 

2 7 y YW$L* is J: 0\ JStlf^ established in the perimeter of the center range 

n 4 <D9 y y YW$Lt l Wttt bti of a refractive index n1 in order, 

tl^o $*$:ffit$i<Dft%ii5. The outer diameter of a center range is 5.4 

4 n mt'fc 5 , y >^^^J§lc<7) micrometer. 

9. The outer diameter of a ring-shape range is 9.0 

7°l/^ hfyy Kfgt£<Z)fl^ti: micrometer. 

18. 0 n m"Cfc 0 * ^ 7 y K The outer diameter of a di presto clad range is 

nfii$^M[2 125/i m-Cfc 18.0 micrometer. 

5 0 &}WAf\^<D-X/\^i%li s The outer diameter of a clad range is 125 

[^4] micrometer. 

The size relationship of each refractive index, 
[EQUATION 4] 

nl = n3< rH< n2 —(4) 
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T*fc 0 . * fc, K®«© They are these. 

J3#r^n4 £2£Pi: LT\ Moreover, the relative refraction-index 

fjgilc&J; o^t -f 7*1^ h^7y difference of a center range and each di presto 

Vm^fo?ti<D\tm$r^\i clad range is -0.4 % on the basis of the 

- 0 . 4 9 , y >^#c® refractive index n4 of a clad range. 

#©Jtffi#f*Hl±+ 1 . 1%"C The relative refraction-index difference of a 

5o ring-shape range is +1 .1 %. 

[0019] [0019] 

Z.<DftWH/7 hyt774/«D$. Many properties in the wavelength of 1.55 

j| 1 . 5 5^ mtcfctt^^^tt micrometer of this dispersion-shift optical fiber 

itSkTOktiWhZo are as follows. 

112. 3ps/nm/kmffc A dispersion value is 2.3 ps(es)/nm/km. 

9 . * p — -fit 0 . 0 7 6 Dispersion slopes are 0.076ps/nm 2 / km. 

p s/nm 2 /kmtfe^ M The effective cross section Aeff is 80 

^jIUrEff Aeff (18 0 n m 2 t? micrometer 2 . 

#> 9 , Petermann- 1 "C^tt^ti Mode field radius w 0 i defined by Petermann-I 

5 K 7 >r — K¥^w 0 i fi was 5.4 micrometer. 

5. 4/imt*fcofc 0 ^:LT, And the above The value of parameter k 0 i 

_hf£ (1)^HS<5v^T#^)ti'5 obtained by being based on (1) Formula was 

k 0 i <omt0. 8 7 0.87. 

[0 0 2 0] [0020] 

-r^ p^>- KtdfeSii^liinSr In order to evaluate the increase in loss which 

l?tti~57tfe, fits 2 0 mm O depends on a macro bend, the dispersion-shift 

V — M^ftrfc-yy Yjf7T4^ optical fiber was wound around the reel of 

Sr^^frtlT&ic 1 . 5 5 jum diameter 20 mm, and the loss in the wavelength 

(^fctf Stt&SriPF-fflfi L/Lo of 1.55 micrometer was evaluated. 

&£;3c, ^(D^y^yy Yjt~7 7 «i Consequently, the increases in loss of this 

^(Dm&mmi 0 . 02dB/ dispersion-shift optical fiber are 0.02 dB/m. 

m"Cfc 9 , ^$JS0iJ{c^5^>{Sc It was checked that the increase in loss in which 

yy Yjty 7 4 w< the dispersion-shift optical fiber based on this 

y KlijfeStB&Jf Wp\&i$.£ ti Example depends on a macro bend is reduced. 
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[0 0 2 1] [0021] 

-r-f 7 n^y K left 5$ Moreover, in order to evaluate the increase in 
2c*t#n£ri¥flii1" loss which depends on a microbend, a 

K^— '<$:M'Otfrttz.BM. dispersion-shift optical fiber is wound around 

2 8 0mm(D!) — Mz^^yy the reel of diameter 280 mm which attached the 

V%7t4 ^£r##fl"{tT, # sand paper to the surface, each evaluated the 

ZtttfVmioXXf'&Zti^tix* loss in the wavelength of 1.55 micrometer 

i&JI: 1 . 5 5 At mfdfcftSS^ before winding and the back. 

&W{$Ltc 0 ^(Dffig;, Z.(Dft Consequently, the increase in loss of this 

%L's7 h%7T4 ^(Ofa&n dispersion-shift optical fiber is 0.1 dB/km. 

fiO. 1 dB/kmt'fct), ^ It was checked that the increase in loss in which 

'%Wft\z.%Zi%%L*/7 YJt7r the dispersion-shift optical fiber based on this 

-Y^'te, v^o^yKCfeS Example depends on a microbend is also 

tR5MM0fc*l§l::{S;i$$iiTV* reduced sharply. 

[0 0 2 2] [0022] 

Kk^, % 3 (DMMM^^^XU Next, 3rd Example is demonstrated. 

9H"5„ @3fi, %3<DmMM FIG 3 is the refractive-index profile figure of the 

iz&Zift&ti/z? hjt7 7 4 ;«D dispersion-shift optical fiber based on 3rd 

mW7°v7 7 4 ivmx*h~&o Example. 

[0 0 2 3] [0023] 

- <DftWs7 Y%7r4 '<fi. As for this dispersion-shift optical fiber, the 1st 

®Df ^ n 1 <D$>$;f&t&<DfflWl\z. ring-shape range of a refractive index n2, the di 

MSM, li#T^n2 (D% l U >7" presto clad range of a refractive index n3, the 

tKnMJIu H#f^n3 (D^r 4 7°u 2nd ring-shape range of a refractive index n4, 

* h 9 7 •> Knl^v Sj#t^ n 4 and the clad range of a refractive index n5 are 

(DW> 2 D > ^cH^ jo J; TJ\ established in the perimeter of the center range 

f&tfr^ n 5 (D9 7 y Knl^/^tx of a refractive index n1 in order. 

it<btLTi^-5 0 •t'^r^lSro^S The outer diameter of a center range is 4.6 

It 4. 6 n mt'fc <9 % Hi y > micrometer. 

7':)XfiSfeJ< W^t-^{± 8 . 9 p. m T' The outer diameter of a 1st ring-shape range is 

h V , r -r 7* U' * h * 7 -y K nl 8.9 micrometer. 

t$.<D9Y'&\% 1 3 . 4 a mXh <9 , The outer diameter of a di presto clad range is 
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% 2 ]) >?ftm%i(Df>\-mt 1 13.4 micrometer. 

7 . 8 ^ m <9 > ^ 7 y The outer diameter of a 2nd ring-shape range is 
tf<0*M£fi 1 2 5 ji mt'fcS. 17.8 micrometer. 



nl=n3<n5<n4<n2 —(5) 



"Cfc 5 » $.1t* ^77 Kfigi^tf) They are these. 

B9r^n5 SrK^t LT, I 3 * Moreover, the relative refraction-index 

filmic *3<fc tfr -< 7° u;* h^y difference of a center range and each di presto 

\ f f£i$4:ti?ti<DitBVi&&i* clad range is -0.4 % on the basis of the 

- 0 . 4 % -C •? , refractive index n5 of a clad range. 

tW$©Jt®tfr^3l(i + 0 . 7 The relative refraction-index difference of a 1st 

8 %T**> «9 , m 2 y ring-shape range is +0.78 %. 

(Ditm Jtr^Mii + 0 . 3 0 %t? The relative refraction-index difference of a 2nd 

fcS„ ring-shape range is +0.30 %. 

[0 0 2 4] [0024] 

^.<T)ft^s7 Y1ty 7 4 '«D®. Many properties in the wavelength of 1.55 

ft 1 . 5 5m m(cio[t-5lt#i4 micrometer of this dispersion-shift optical fiber 

l*UT<Dkts'9VhZ 0 ^ftfcffi are as follows, 

(i 2 . 3ps/n m/ kmt'fc A dispersion value is 2.3 ps(es)/nm/km. 

9 , ^>i$C* a — 7*(± 0 . 0 7 6 Dispersion slopes are 0.076ps/nm 2 / km. 
ps/nmVkmt'fcl % The effective cross section Aeff is 100 
'^Jltrffiff Aeff It 1 0 0 ju m 2 micrometer 2 . 

T-fo9 , Petermann- 1 T*£ft$ Mode field radius w 0 i defined by Petermann-I 

-5 ^ — K7-c — /u h' ^t^ w 0 i was 6. 1 micrometer. 

(16. 1 ^mtfeofc, LT, And the value of parameter k 0 i obtained by 

J:. E(1 )it H S <J ^ T t# b ft 5 being based on said (1 ) type was 0.85. 
'*7 * — 9 k 0 i COIKIO. 8 5 



£#5) 



The outer diameter of a clad range is 125 
micrometer. 

The size relationship of each refractive index, 
[EQUATION 5] 
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[0 0 2 5] [0025] 

■v^ o^y KfdftiSffl&if jJD£ | n order to evaluate the increase in loss which 

l¥fffii~5fc#> v 2 0mm© depends on a macro bend, the dispersion-shift 

y —McftWs7 K3te7 7-f'< optical fiber was wound around the reel of 

Sr^tttftTi&ft 1 . 5 5 /zm diameter 20 mm, and the loss in the wavelength 

(dfctt5S^$rf¥ffiLfc 0 ^(D of 1.55 micrometer was evaluated. 

Z.(H> / ft^s7 Yit7 7 4 Consequently, the increases in loss of this 

^<£>}f &ift*n(i 0 . 5 d B /m dispersion-shift optical fiber are 0.5 dB/m. 

Xfo<9, ^MM&W^&hft&i/ As for the dispersion-shift optical fiber based on 

7 Y% 7 T<<'<l-i* ^$)®rS*| this Example, it was checked that the increase 

Aeff # 1 0 0 u m 2 t ±% ^ in loss to which it depends on a macro bend 

fck$lt>b-f-?? p^<> Ktcfe although the effective cross section Aeff is as 

5tR£Jffln#(B;Hc£;fi"Cl^ C_ large as 100 micrometer 2 is reduced. 

[0 0 2 6] [0026] 

? v<> K^fe-SM Moreover, the increase in loss which depends 

Zzi^M&WiffiLtzffiM. Z.(Dft on a microbend was evaluated. 

nk^7 hyt7 7 4 '«DU&tgM Consequently, the increase in loss of this 

itO. SdB/kmt'fei), ^ dispersion-shift optical fiber is 0.8 dB/km. 

MfeW f-^ 5 # ffc v- 7 b % 7 7 As for the dispersion-shift optical fiber based on 

^8bBrEHAeff 1 this Example, it was checked that the effective 

OO^im 2 b±%\<^z.t)$)t>b cross section Aeff is reduced by even the level 

-f-rsf ^o^y blzfeZffi&tg in which the increase in loss to which it depends 

to&MFR±.fS\M<DM\t s i"<Mz on a microbend in spite of being as large as 100 

£ XtiktiftZfriX^^Z ir^ffitlS micrometer 2 does not have a problem 

£fctz 0 practically. 

[0 0 2 7] [0027] 

7£M, -?-f ? d^c> KCift-Stfl Next, the relationship between the increase 

^l^^JDa t '< y / — ? k 01 <£>f( amount in loss which depends on a microbend, 

t (Dfflmz^^xtfrW-f -So H and the value of parameter k 0 i is demonstrated. 

4 fi % MZJMWMft 8 0 m m 2 FIG. 4 is a graph which shows the relationship 

XfoZ>'j)vtk - >7 h Jt7 7^'Mz. between the increase amount in loss which 

&t1Z>-?<< # asiy\t{zfe£fa depends on the microbend in the 
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dispersion-shift optical fiber whose effective 
cross section is 80 micrometer 2 , and the value 
of parameter koi. 

The increase in loss which depends on a 
microbend winds a dispersion-shift optical fiber 
around the reel of diameter 280 mm which 
attached the sand paper to the surface, each 
evaluated the loss in the wavelength of 1.55 
micrometer before winding and the back. 

[0028] 

The increase amount in loss which depends on 
a microbend is reduced, so that this graph may 
show and the value of parameter koi is large. 
On the other hand, if the increase amount in 
loss which depends on a microbend is 1 dB/km 
or less in the cable form for which a 
dispersion-shift optical fiber is used, the 
significant increase in loss will not be accepted 
in a cable-ized process and a cable 
reliability-evaluation examination. 
As mentioned above, in order to maintain the 
property in a cable state, the value of parameter 
koi is understood that it is required to be 0.8 or 
more. 



[0 0 2 9] 

£ ti 6 h <d v ( i & < f s * <n % m 
fr»mx*foz> 0 MX.**, m i - 



[0029] 

This invention is not limited to above-mentioned 
Embodiment, and can perform various 
deformation. 

For example, the refractive-index profile shown 
in each FIGS. 1-3 is an illustration, comprised 
such that the thing of an aspect with the 
refractive-index profile various otherwise for 
implementing the dispersion-shift optical fiber 
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based on this invention is possible. 



[0030] 



#3&9!U:«fc*itf, 8^1550 

5 p s / n m/ k mJJUTt 
& K) , Petermann- 1 "C^ii^ti 

H»®;»Aeff fclcS^T 
k 0 i = Aeff/(7r • w 0 i 2 ) 

k 0 i tf>ft#0. 8«±ffc5: 
tZW&k Ltz<DX\ *-K7 

[0 0 3 1] 

H$»rB«Aeff ^7 0 

Aim 2 ait'foSl^Cli, # 

/5 s 0 . 5 p s /n m/ k mUJc 



[ADVANTAGE of the Invention] 

As mentioned above, according to this 
invention, it sets to wavelength 1550 nm as 
demonstrated in detail, the absolute value of 
wavelength dispersion is less than 5ps/nm/km. 
Based on mode field radius w 0 i and the 
effective cross section Aeff which are defined by 
Petermann-I, 
Ko,=Aeff/((pi)*w 0 , 2 

Since it was characterized by the value of 
parameter koi defined by the becoming formula 
being 0.8 or more, an effective cross section 
can be enlarged maintaining the diameter of a 
mode field at a small value, the loss which 
depends on a microbend is small and the 
production of a nonlinear phenomenon is 
reduced. 

[0031] 

Moreover, the effective cross section Aeff is 70 
micrometer 2 . When it is above, the production of 
a nonlinear phenomenon is suppressed 
effectively. 

Moreover, when the absolute value of a 
wavelength dispersion is more than 
0.5ps/nm/km, the production of the four-wave 
mixing which is one of the nonlinear 
phenomena is suppressed effectively. 
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I EI 1 1 [FIG. 1] 

Wil<n%fam\z&Z>ftnkis7 h It is the refractive-index profile figure of the 

yt7 7 4'«DmifT^zfa7 7'{ dispersion-shift optical fiber based on 1st 

/HH-efc5 0 Example. 

Ii2] [FIG. 2] 

%2(D%H&m\^&ZiftWs7 h It is the refractive-index profile figure of the 

^tyT4y«Dmffr^yoy 7 y( dispersion-shift optical fiber based on 2nd 

/mx*hZ> 0 Example. 



I@3] [FIG 3] 

W,Z<D%mm\c&Z>ftfyi/7 Y It is the refractive-index profile figure of the 

%7 7 4 ^<DW>%\^7* v y j 4 dispersion-shift optical fiber based on 3rd 

/Ha-CfcS. Example. 

[04] [FIG 4] 

%Wffl&W£ 8 0 p.m 2 An effective cross section is the graph which 

ft tikis? Y%774 -^{ci&ttS shows the relationship between the increase 

•v>f V u^y Ktife-SJS^^n amount in loss which depends on the 

m.t^y^~ ^k 0 i ©iiOS microbend in the dispersion-shift optical fiber 

^^t^7 7ffc5, which is 80 micrometer 2 , and the value of 

parameter k 0 i. 
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[®2] 



[FIG. 2] 




[Hl3] 



[FIG 3] 
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